TECHNOLOGY USESIN MICHIGAN SCHOOLS: AN EMPIRICAL STUDY*

Yong Zhao, Ph. D
Ken Frank, Ph. D

College Of Education
Michigan State Univeristy
Center For Information Devel opment?
Michigan Technology Implementation Project (Mtip)
A Program Funded By The Michigan Department Of Education

November 30, 2001

Contact information: Dr. Yong Zhao, 115D Erickson, College of Education, Michigan State
Univeristy, East Lansing, M| 48824, Email: zhaoyo@msu.edu, Phone: 517-353-4325

! This study was made possible by a grant from the Michigan Department (M DE) of Education, but views

and findings expressed in this report are not necessarily those of MDE. The following individuals participated in the

design and implementation of this study: Yong Zhao, Ken Frank, Blaine Morrow, Kathryn Hershey, Joe Byers,
Rick Banghart, Andrew Henry, and Nancy Hewat. Although we cannot identify the names of the schools that
participated in this study, we want to thank all the teachers and administrators in these 19 schools. Without their
cooperation and support, this study would not have been possible.

2 The Center for Information Devel opment research conducted at Michigan State University was directed
by Dr. Yong Zhao, Associate Professor of Educational Technology, College of Education, Michigan State
University.



Executive Summary

The purpose of this study was to assess technology uses and understand what might affect
the level and type of technology usesin schools. Given this purpose, we needed schools that had
technology available to teachers and students. Thus we only selected schools that had made a
significant investment in technology for at least five years. A total of 19 elementary schoolsin
four districts participated in this study. Our data suggests that the districts included in this study
had more access to technology than the national average in terms of students to computer ratio.
We also compared our samples with other schools in the same state on other background
variables. Students attending the sampled schools seemed to come from higher income families
than the average in terms of percentage of students qualified for free or reduced cost lunch.
However, analysis suggests that the sampled schools were not significantly different from other
schools on other measures such as per pupil expenditure, student teacher ratio, and school size.

1. Theleve of technology uses in these sampled schools is higher than or comparable to
the national average in terms of frequency of uses. Nearly 70% of teachers reported
using lab computers on aweekly or daily basis, while nearly 90% use computersin
their classrooms weekly or daily. Nearly 90% of teachers reported using emails
weekly or daily while over 70% use the web weekly or daily.

2. However when the types of uses are considered, the situation is less encouraging. In
most cases, the frequent uses are limited to teacher functions instead of student
activities. For example, while over 50% of teachers reported that they use computers
weekly or daily to communicate with parents and prepare for instruction, 73% of
teachers reported that computers were never used for student to student
communication. Nearly half of the teachers reported they never used computers for
student inquiry activities. The most frequent student uses of computers are for

devel oping basic computer skills.



. There was significant change and anticipated change in the uses of technology. A
majority of the teachers reported that their uses of computers increased significantly
and plan to increase even more in the future.

. Teachers technology using experiences both in the lab and classroom have been
positive. The mgority (over 75%) reported that they experienced some technical
problemsin less than 25% of the times they used computers. And over 60% of the
teachers said that these problems were addressed in an acceptable time frame.

. In general, teachers were positive about computers and did not feel intimidated by
computers. About 85% of the teachers felt that they could learn new computer
applications quickly and over 50% thought computers are flexible and can be used to
support their teaching style. Around 70% of teachers felt that computers can help
them integrate different aspects of the curriculum, teach innovatively, direct student
learning, model an idea or activity, connect the curriculum to real world tasks, and be
more productive. Similarly, they believed that computers are valuable in helping
students develop new ways of thinking, think critically, gather and organize
information, explore a topic more deeply, be more creative, and be more productive.
. School organized professiona development opportunities were not frequent. About
5% of teachers reported never attending and 70% reported attending only once a year
district or school organized inservice programs for learning new technologies.
However, many more teachers reported that they engaged in self-exploration with
new technologies or district provided software monthly or weekly. Itisalsoa
common phenomenon for teachers to seek help from their colleagues.

. While nearly 60% of teachersfelt that the computer resources in their rooms were
adequate for their instructional needs, only around 30% of teachers felt the resources
are adequate for student uses. Similarly only one third of teachersfelt it was easy to

implement software or new hardware in their schools.



8. About 60% of teachersfelt that they had access to sufficient and reliable hardware. A
similar portion of teachers felt the same way about software. What' s worth
mentioning is that only asmall fraction of teachersfelt that schools and districts
adequately involved teachers in decisions about software selection.

9. Many teachersfelt the pressure to use computers. Nearly 60% of teachers reported
that others expect them to use technology.

10. Of the many factors that influence teacher uses of technology, the opportunity to
explore and experiment with technol ogies seems to be a significant one. Also
important is getting help from colleagues. Another major contributing factor is
teachers perception of the compatibility between technology and their teaching
practices. In other words, those teachers who believe technology can support their
teaching are more likely to use computers. The introduction of too many new
programs in schools seems to negatively affect teachers' use of technology. That is,
when a school is trying to introduce too many new initiatives, teachers’ use of
technology decreases. Another very important and expected finding is that school

districts play amajor role in teachers technology uses.
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TECHNOLOGY USESIN MICHIGAN SCHOOLS: AN EMPIRICAL STUDY
Introduction

Fueled by the belief that information technology can be a powerful educational
too(Papert, 1993; President's Committee of Advisors on Science and Technology (Panel on
Educational Technology), 1997; Roschelle, Pea, Hoadley, Gordin, & Means, 2000; U.S.
Department of Education, 2000) and that students must be technologically competent in an
information society (International Society for Technology in Education, 2000; Literacy, Board,
& Commission on Physical Sciences, 1999), American schools have spent billions of dollars
acquiring computers and related information technologies over the past two decades, resulting in
adramatic increase in the presence of technology in schools. The number of computers, for
example, increased from only 250,000 in 1983 to 8.6 million in 1998 (Anderson & Ronnkvist,
1999; Becker, 2000b). The average student to computer ratio dropped from 40 to 1 in the mid
eightiesto 5 to 1 by the end of 2000(Cattagni & Farris, 2001). Connection to the Internet has also
steadily increased. In 1994 only 35% of all public schools were connected to the Internet. By the
end of 2000, the percentage of American public schools connected to the Internet has grown to
98%. In other words, virtually all schools now have some kind of connection to the Internet
(Cattagni & Farris, 2001).

The investment in school technology islikely to continue and technology will become
even more accessible in school s(Becker, 2000b; Smerdon et al., 2000). The question facing
researchers, policy makers, and educators is thus not whether computers can improve education
(Burbules & Callister, 2000; Zhao, Pugh, Sheldon, & Byers, in press), rather how and how much
teachers and students make use of these expensive and potentialy powerful technologies. Many
studies have shown that school technologies have often been underused, both in terms of
frequency and capacity (Cuban, 1986, 1996, 1999, 2001; Loveless, 1996; US Congress Office of
Technology Assessment, 1995). A more recent study suggests that teachers' uses of technology
have started to increase (Smerdon et al., 2000), but neither the frequency nor the type of uses has

reached alevel that affects education as significantly as envisioned by the proponents. In other



Technology Usesin Schools

words in order to achieve the level of educational outcomes equal to the level of investment,
technology has to be used more, more often and more connected to the core activities of teaching
and learning.

What can we do to increase the frequency and improve the quality of technology usesin
schools? Previous research has pointed out along list of factors that can have an effect on
technology usesin schools. First, schools have been cast as directly at odds with new
technologies. The goal of schools as organizations, according to Hodas(1993), is “not to solve a
defined problem but to relieve stress on the organization caused by pressure operating outside of
or overwhelming the capacity of normal channels.” (p. 2) In other words, schools naturally and
necessarily resist changes that will put pressure on the existing practices (Cohen, 1987; Cuban,
1986). “What appears to outsiders as a straightforward improvement can, to an organization, be
felt asundesirably disruptiveif it means that culture must change its values and habits in order to
implement it.” (Hodas, 1993, p. 2) The introduction of computers, however, requires serious
changes in the curriculum, teaching practices, reallocation of resources, and perhaps rearranging
the fundamental structure of schools(Collins, 1996; Hawkins & Sheingold, 1986; Means, 1994;
Merrow, 1995). Consequently schools and teachers must be less impressed by the promises of
the computer delivered by its advocates. Or worse, Papert(1998) notes:

By the triggering of something like an immune system, and | am looking at the

education system as kind of aliving organism, this computer that came in was a

foreign body that threatened the established order of the system and like all

systems this triggered a defense mechanism. (p. 3)

Besides thisinherit resistance to change, schools are also said to have a structure that
prevents wide spread uses of computers. Collins(1996) in his reflective essay on his experience
with the Apple Classroom of Tomorrow project cites limited classroom space and the bulky size
of computers, teachers unwillingness to take the students to the lab, and access to computers at
home as factors that limit the use of technology in schools. More serious problems, however, lie

beyond technological or physical structuresin the conceptual structure of schools.



Technology Usesin Schools

... the structure and conception of school that evolved in the last century is quite
incompatible with effective use of new technologies. The view of teaching as
transmission of information from teachers to their students has little place for students
using new technologies to accomplish meaningful tasks. The forty-five-minute period

makes it difficult to accomplish anything substantial using technology. (Collins, 1996, p.

61.)

Sharing asimilar view, Papert(1999) compares the current school to a 19th century
stagecoach while new technologies to ajet engine. "When they try [attaching the jet engine to the
stagecoach] they soon see that there is a danger that the engine would shake the vehicle to pieces.
So they make sure that the power of the engine was kept down to alevel at which it would not do
any harm."” The structure of the school severely hampers the power of new technologies for
learning (Means, 1994).

Lack of convenient access to computers, inadequate infrastructure, and poor planning are
other factorsidentified to account for the under utilization of computers(Cuban, 1986; Smerdon
et a., 2000; US Congress Office of Technology Assessment, 1995). Loveless blames computer
labs for the lack of use of computers because "labs deny teachers the flexibility of deciding when
technology should be incorporated into instruction, unwittingly conveying to students that
computers are not central to learning and certainly not central to the activities of their
classrooms.” (p. 451)

A more frequently cited set of factors affecting technology uses in schools are associated
with the teacher. Following the standard diffusion literature (e.g., Rogers, 1995), teachers
attitudes toward and expertise in technology has often been identified as a key factor associated
with their uses of technology (Becker, 2000a; Bromley, 1998; Hadley & Sheingold, 1993;
Sandholtz, Ringstaff, & Dwyer, 1997; Smerdon et al., 2000; Zhao & Conway, 1999). Teachers
working conditions, characterized by busy schedules, crowded curricula, lack of accessto a
professional community and support, have also been identified as important factors affecting

their technology uses (Cuban, 1996; Smerdon et al., 2000). Teacher’s pedagogical beliefs and
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their teaching practices are also factors that seem to influence their uses of technology (Becker,
2000a, 2000b; Hadley & Sheingold, 1993; Sandholtz et al., 1997; Zhao & Cziko, 20001).

While previous studies have identified some key factors contributing to the gap between
access to and uses of school technology, there are a number of conceptual and practical
problems. First this body of research lacks a unifying theoretical framework to explain the
rel ationships among these factors. In other words, we know very little from this research about
how the factors interact with each other and under what conditions one factor may be more or
less significant than others. For instance, if ateacher is extremely competent with information
technology, does she use technology more even if she worksin a conservative school? Or does
she use technology more even if her teaching follows a transmission approach?

The second problem with this body of literature lieswith its failure to examine the
interactive process of technology uses by teachers. For example, whileit is suggested that
teachers' technology expertise plays an important role in teacher’ s uses of technology, littleis
known about how teachers develop such expertise. It is also unknown what levels of expertise
and in what technology is more useful. Thusit has little to suggest what schools or teachers can
do to improve their expertise.

The third problem is that previous research seems to only consider the utility power of
technology while ignoring its symbolic value (Prasad, 1993). Technology is only considered for
what it can do but not what it can mean for teachers. For instance, littleis said about how
technology can symbolize progressiveness and thus raises the socia value of those who use
technology. As aresult, the introduction of technology might present great social pressureto
those who do not use technology.

The last problem has to do with the failure to consider the social dynamics of the school,
which is more like an ecology than community wherein the various actors—teachers, technology
staff, administrators, and students—interact with each other frequently to achieve their own goals
(Zhao & Cziko, 20001). Technology can either enhance or interfere with each actor’s goals. For

example, the use of technology may help new teachers achieve higher social status because
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technology is viewed as synonymous to innovation but it may also be viewed as void of
substance. Technology use is also influenced by the interplay of the existing social relationships
(Bruce, 1993). Thus how the various actorsin schools relate to each other and technology plays
an important role in determining the level and type of technology uses.

Asaresult, the current study had two chief goals. First, it attempted to provide an up-to-
date detailed description of current technology uses in schools. Unlike previous studies, most of
which only focused on the use of computers, the current study also included the uses of other
new technologies such as voice mail and telephone. This study also tried to paint amore
comprehensive picture by ensuring aresponse rate of over 90%, from each school, thus obtaining
responses from those who are most likely marginalized from the school. Second, the study
intended to develop aframework for understanding the interactive rel ationships between the
various factors believed to affect technology uses. A model was built based on the research
findings.

Methodology

Research Questions

To achieve our two goals, the study sought answers to a number of questions. First we
need to find out the current levels and types of technology uses in schools. Second we need to
assess the current status of the various factors that have been identified as possible contributors
to the uses of technology. Third we need to find out how much each factor may influence
technology uses. The following table summarizes the indicators and constructs of the current

study.
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Table 1 Indicators and Constructs

Research Questions Indicators/Constructs
Levelsand Types of Levels of Technology Uses
Technology Uses Types of Technology Uses
Factors Influencing Teacher Technology Proficiency
Technology Uses Teacher Technology Beliefs

Teacher Technology Professional Development
Teacher Social Networks

Teacher Perception of Technology Support
Perceived Pressure for Using Technology
Competing Innovations

Compatibility with Teaching Styles

District Factors

Data Collection

The study collected mainly three types of data: survey of all staff; interviews with
administrators, technology staff; and selected teachers, and observations of schools. The survey
included 33 various format items (e.g., Likert Scale, multiple choice, and fill in the blanks). The
interviews were semi-structured loosely following a set of questions about technology
infrastructure, policy, investment, and beliefs. The observations mainly focused on technology
infrastructure of a building. The data collection was completed in the spring of 2001. A

professional independent research firm was contracted to perform the data collection.
Sample

Because of our interest in understanding how institutional factors and social dynamics
may affect technology use, we chose whole school districts as our first level of analysis. A total

of four districts were selected. Since our interest was to assess technology uses and understand
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what might affect the level and type of technology uses in schools, we needed schools that had
technology available to teachers and students. Thus we only selected schools that had made
significant investment in technology within the last five years. The criteria used to select
districts for participation in the study included recent passage (within the last 2-3 years) of a
bond referendum or receipt of a community foundation grant for implementation of technology,
the willingness of the Superintendent of Schools to participate in the study, and the size of the
district (at least three elementary schools). These were essential criteriafor selection, and
resulted in a school sample slightly more advantaged than the average school in the state. We
were also interested in understanding possible building level differences, so we included all
elementary schoolsin the selected districts. In order to obtain the complete picture of technology
uses we administered the survey to all school staff. We offered incentives to schools for high
response rates and to individual teachers to come as close as possible to enumerating the entire
faculty population. Ultimately we achieved aresponse rate of 92% or greater in each of our
nineteen schools. We selected one school from each district as the focus school where we
interviewed the principal and three teachers. We also interviewed the superintendent and

technology director of each district. We also observed technology use in the focus schools.

Table 2 presents background information of the sample school districts.

Table 2 Background Information of Districts

District Students Population District Type Student/Computer Ratio’
A 2041 Rural/Suburban 51
B 5111 Suburban 4.9
C 1638 Rural-suburban 29
D 7158 Rural/Suburban 4.4

Note: Student computer ratio is average for all districtsinstructional computers as of

March 2001.
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These data suggest that our sample had more access to technology than the national
average (Cattagni & Farris, 2001). We also compared our samples with other schools in the same
state on other background variables. Not surprisingly students attending the sampled schools
seemed to come from higher income families than the average in terms of percentage of students
qualified for free or reduced cost lunch. However analysis suggests that the sampled schools
were not substantively different from other schools on other measures such as per pupil

expenditure, student teacher ratio, and school size.

Findings
The section includes three parts. Part 1 reports findings on current uses of technology,
while part 2 reports measures of the various factors associated with technology uses. Part 3
presents findings of a statistical model that delineates factors that influence technology usesin

schools.
Current Technology Uses in Schools

To what degree are technologies used in schools?

Table 3 presents the percentage of teacher reports of the frequency of their using common
school technologies for educational or professional purposes. As Table 3 shows, the most
frequently used technologies are phone systems, email, and computers in the classroom. What is
interesting is that teachers use computers more in classroom than in the computer lab, whichis
somewhat contrary to the observation of Loevless (1997). This may be the result of recent
investment in putting more and better computersin the classrooms. It could also mean that the
schools and teachers we sampled are ahead of the curve in terms of access and uses of classroom
computers.

What is also interesting to note is that much less research attention is paid to the phone
system than to computers, and yet the phones are getting used alot. The phone, albeit not as
complex atechnology as the computers, can be a powerful communication tool for the teachers.

Frequent uses of the phone could transform the teacher from being isolated in the schoolhouse

8
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(Tyack & Cuban, 1995) or classroom (Lortie, 1975) to potentially integrated with parents,
colleagues, other schools, and community members. It would be interesting to know what they

are using the phones for in future studies.

Table 3 Frequency of Technology Uses

Never Yearly Monthly ~ Weekly Daily (%)
(%) (%0) (%) (%0)
Phone system (n=431,
mean= 4.76) 0.50 0.20 2.10 16.90 80.30
Voice mail (n=428, mean=
3.72) 12.60 6.80 13.30 30.60 36.70
Video/TV network (n=427,
mean= 3.4) 9.60 9.40 32.30 28.80 19.90
World Wide Web(n=427,
mean= 3.96) 3.70 3.70 18.00 41.20 33.30
E-mail(n=429, mean= 4.62) 3.30 2.30 4.20 9.80 80.40
Computersin your school=s
lab (=427, mean= 3.45) 10.50 10.10 11.00 60.70 7.70
Computersin your
classroom (n=411, mean= 5.10 0.70 4.10 11.70 78.30
4.57)

What Kind of Technology Uses are Teachers Engaged in?

Besides levels of uses, we asked about the types of computer uses in schools. The uses
are divided into two categories: teacher uses and student uses. The overall reliability of this
scaleis.81. Table 4 presents the percentages of frequencies of activities using computers. As
indicated in Table 4, the most frequently types of uses are communication with parents and
preparation for instruction, while the least are activities directly involving students using the
computers (e.g., student to student communication, remediation, student inquiry, and student
expression). What isinteresting is the high frequency of using computers for communication
with parents but not with students. In light of teachers frequent use of the phone, we may
hypothesi ze that teachers have a strong need to break down Lortie' s walls—teachers have the

need to communicate with parents and colleagues, but technology was not there when Lortie

9
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studied the schools. Teachers infrequent use of computers for communication with students may
be a explained by the fact that presently most of the communications with students take place in

face-to-face in the classroom.

Table 4 Freguencis of Compter Using Activities

Activity Never Yearly Monthly Weekly Daily
Communication with parents (e.g.,
newsletters, e-mail, class Web page)
(n=427, mean= 3.38)

Teacher-student communications (e.g.,
response to written work, posting
schedules and activities) (=420, mean= 34.00 7.90 21.40 21.90 14.80
2.75)

Classroom management and/or incentives
for students (e.g., reward for completed
work) (n=416, mean= 2.68)

Record keeping (e.g., grades, attendance,
|EP) (n=419, mean= 2.39) 48.40 7.60 15.00 14.10 14.80

11.20 5.60 29.50 41.00 12.60

36.80 7.70 17.80 26.20 11.50

Preparation for instruction (e.g., lesson

and unit planning, downloading materials  8.60 6.90 26.70 34.30 23.60
such as pictures) (n=420, mean= 3.57)

Student to student communication (e.g.,

publish student work on a Web page,

keypals, e-group projects) (n=412, mean=  73.30 8.00 11.20 6.10 1.50
1.54)

Student inquiry (e.g., student research
using electronic databases, WebQuest)
(n=413, mean= 2.17)

Student expression (e.g., Hyperstudio,
PowerPoint collections of artwork,
KidPics, i-movies) (n=413, mean= 2.32)
Core curriculum skills development (e.g.,
drill and practice on MathBlaster or
Reader Rabbit) (n=416, mean= 2.96)
Remediation (e.g., repeat alesson,
Accelerated Math, Jostens) (n=406,
mean= 2.42)

Development of basic computer skills
(e.g., keyboarding, mouse skills, trouble
shooting) (n=412, mean= 3.02)

42.10 13.10 31.20 12.60 1.00

35.10 18.40 28.30 15.50 2.70

26.20 3.60 29.60 29.10 11.50

47.50 4.40 18.00 19.00 11.10

27.40 4.10 15.30 45.10 8.00

10
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Changes in Computer Uses

The study also tried to understand if teachers' of computers change over time. We asked
teachersto indicate to what degree their uses of computers changed over the previous year and to
what degree they plan to increase or decrease their uses of computers. Table 5 summarizes the
responses of changes over the past year. A majority of teachers (84%) reported that they used
computers more or much more than the previous year and they intend to use more in the future

(see Table 6).

Table 5 Changes in Computer Uses from Previous Y ear

Much

Much less Less Same More mor e

n= 428, mean= 4.16 0.00 1.40 13.80 52.10 32.70
Table 6 Intended Uses in the Future

Much Less Same More Much

Less mor e
World Wide Web (n=424, 0.50 0.50 20.30 66.30 12.50
mean= 3.9)
E-mail (n=425, mean=3.55) 0.50 0.00 54.10 35.30 10.10
Computersinyour school’s  1.20 1.00 64.40 29.40 4.10
lab (n=418, mean= 3.34)
Computersin your 0.70 0.00 32.60 57.20 9.50
classroom (n=411, mean=
3.75)

World Wide Web and computers in the classroom are the two areas where teachers intend
to increase their uses the most. Thisis aheathy trend as these uses have perhaps the greatest

educational potential. They directly affect student learning and instruction.

11



Quality of Computer Using Experiences

Technology Usesin Schools

Besides levels and types of uses, the study investigated the quality of computer uses by

teachers, both in their own classrooms and in the school labs (see Tables 7 and 8). Asindicated

in Tables 7 and 8, teachers experience of using computers seemed to be positive, at least in

terms of the percentages of times they encountered problems and how quickly the problems were

solved.

Table 7. Quality of Computer Using Experiencesin the Lab

Percent of Percent of Times Percent of Times Percent of Times
Times Self-solvingthe  Asking for Help  Problems Solved
Experiencing Problems in Acceptable
Technical Time
Problems

(1) <25% 74.30 48.60 27.40 7.40

(2) 25%-50% 18.40 17.30 25.30 13.90

(3) 51%-74% 4.20 14.40 15.80 15.50

(4) 75% or more  3.10 19.70 31.60 63.20

Table 8 Quality of Computer Using Experiences in the Classroom

Percent of Percent of Times Percent of Times Percent of Times
Times Self-solvingthe  Asking for Help  Problems Solved
Experiencing  Problems in Acceptable
Technical Time
Problems

(1) < 25% 75.50 37.60 29.90 7.90

(2) 25%-50% 16.10 24.40 26.90 16.40

(3) 51%-74% 5.70 16.20 14.30 14.10

(4) 75% or more 2.70 21.90 28.90 61.50

12
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Factors Affecting Technology Uses in Schools

This part reports findings on factors that have been previously identified to have a

possible impact on school technology uses. We start with factors associated with the teacher.

Attitudes toward and Experiences with Technology

The study assessed teachers attitudes toward technology, their self-efficacy about
technology, and to what degree they perceive themselves as innovators. As Table 9 shows,
teachers are generally hold a positive attitude toward technology, believe that technology can
compliment their current teaching, and think they are able to learn computer technology.

The finding that teachers view themselves as innovators and hold positive attitudes
toward technology is consistent with recent studies(Becker, 2000a; Zhao, 1999) but contradicts
with the general belief that teachers are reluctant to use technology or anxious about learning
technology(US Congress Office of Technology Assessment, 1995; Worthington & Zhao, 1999).
Given the high response rate, we can safely assume that this response is not only from those who
are committed to using technology but also from those who are not necessarily technology
advocates. It has been suggested that teachers’ attitude toward technology, particularly their
perception of the degree to which technology supports their current pedagogical practices,

influences their uses of technol ogy(Becker, 2000b; Zhao et d., in press).

13
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Table 9 Teacher Attitudes toward Computers

Strongly Moderatel Slightly Slightly ModerateStrongly
Disagree y Disagree Disagree Agree ly Agree Agree

a)l try new thingsin the classroom

(n=423, mean= 5.18) 1.20 2.10 1.90 13.00 35.90 45.90
b)I can work with computers
effectively (n=431, mean=4.65) 3.00 4.60 3.20 2510 41.10 23.00

c)Computers support what | try to
do in the classroom (n=417,

_ 3.10 4.10 8.20 29.00 3290 22.80
mean= 4.53)
d)l am intimidated by computers
(n=429, mean= 2.55) 3520 20.00 1420 1840 8.90 3.30

€)Computers distract students
from learning what is essential
(n=423, mean= 1.89)

f)I am one of thefirst to try
something new in the classroom
(n=414, mean= 3.90)
g)Computers are flexible (n=427,
mean= 4.52) 1.90 4.70 8.90 28.60 36.10 19.90
h)I have the ability to learn new
computer applications (n=430,
mean= 5.33)

1)It is easy to integrate computers
with my teaching style(n=419,
mean= 4.28)

I can recall how to perform tasks
on the computer(n=431, mean=
4.66)

k)I enjoy introducing something
new in the classroom (n=420,
mean= 5.28)

49.60  29.30 9.00 8.00 2.10 1.90

6.00 11.40 2080 2340 25.60 12.80

0.20 1.20 2.10 10.70  33.00 52.80
3.30 8.10 13.80 2550 29.80 19.30
1.20 4.40 7.40 2250 43.20 21.30
12 2 2.1 114 36.0 49.0

|)Learning computers takes too
much time (n=427. mean= 2.74) 2580 24.60 16.60 19.70 9.80 3.50

14



Beliefs about Technology

Technology Usesin Schools

Teacher’s view of the specific value of technology also affects their use of technology.

Tables 10 and 11 present teachers’ beliefs about how technology may be helpful to their own

professional activities and student learning. Again we see that teachers hold much hope for the

potential value of technology for both teachers and students, which is also consistent with

previous studies(Becker, 2000b; Zhao, 1999).

Table 10. Values of Technology for Teachers

Computers can help St_rongly Mo_deratel Sl_lghtly Slightly Moderatel Strongl
me... Disagree yDisagree Disagree Agree y Agree y Agree
a)integrate different

aspects of the curriculum  2.40 240 1.90 28.90 32.50 32.00
(n=425 , mean= 4.83)

b)teach innovatively (n=

425, mean= 4.91) 1.20 2.10 2.40 26.60 34.10 33.60
c)direct student learning

(N= 422, mean=4.67 ) 1.70 2.60 5.70 30.30 36.50 23.20
d)model an idea or

activity (n= 426, mean= 2.10 1.90 4.50 22.80 37.60 31.20
4.85)

e)connect the curriculum

to real world tasks (n= 1.40 1.90 3.10 20.80 38.40 34.40
424, mean= 4.96)

f)be more productive (= &, 210 3.30 1650  37.90 38.60

430, mean= 5.03)
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Table 11. Values of Technoloqgy for Students

Moderate Slightly  Slight

Computerscan help Strongly Moderately  Strongly

. ly Disagre ly
students... Disagree Disagree e Agree Agree Agree
a)develop newwaysof  0.90 2.60 2.60 2240 40.20 31.30
thinking (n=428 ,
mean= 4.92)
b)think critically (n= 1.90 2.30 4.90 26.60 38.70 25.60
429, mean= 4.75)
c)gather and organize  0.20 0.50 0.90 820 31.90 58.30
information (n= 429,
mean= 5.46)
d)explore a topic (n= 0.20 0.00 0.50 350 2350 72.30
430, mean= 5.67)
e)be morecreative (n=  1.90 2.80 4.20 20.30 3240 38.50
429, mean= 4.94)
f)be more productive 0.70 1.20 4.70 20.50 38.80 34.20

(n= 430, mean= 4.98)

Teacher Professional Devel opment

The types and frequency of professional development activities related technology is also
considered a factor influencing teacher technology uses. Table 12 presents how frequent teachers
are engaged in what type of professional development activities. The most common professional
activities are self-exploration and seeking help from others, but even these occur only monthly
for most teachers. The least common forms of professional development are reading professional
journals, technology manuals and attending conferences. Thus teachers have engaged in learning
experiences that many believe are appropriate for learning computer technology (Sandholtz &

Ringstaff, 1996; Zhao et al., in press).
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Table 12. Professional Development Activities

Activity Never  Yearly Monthly Weekly Daily

a)Explore new technologies on my own

(n= 428, mean= 2.99) 4.90 2380 42.80 24.30 4.20

b)Attend district or school in-service

programs for new technologies (n=421, 5.50 70.50 23.80 0.20 0.00
mean=2.19)

c)Experiment with district-supported 11.50 27.30  44.90 13.40 2.80
software(n= 425, mean= 2.69) '

d)Seek help from othersto learn about 280 25.60 53.80 16.00 1.90
new technologies (n= 426, mean= 2.88) '

e)Attend professional -devel opment

conferences about new technologies (= 30.40 61.10 8.40 0.00 0.00
427, mean= 1.78)

f)Read professional journals about new 31.20 13.10 1.90 0.00

technologies (n= 429, mean= 1.63) 53.80

g)Consult technology manuals (n= 427, 41.50 37.50 18.00 3.00 0.00
mean= 1.83)

Teacher Perceptions of Ease of Implementation

The degree to which technology is easily implemented depends on teachers' perceptions
of access to adequate resources, technology and their own teaching context. Table 13
summarizes teachers’ perceptions of the extent to which technology can be used implemented in
their teaching. The overall finding isthat teachers do not feel strongly that it is easy to use
technology in their teaching. They do feel that their resources are adequate, more than they
perceive that they themselves are able to implement new technology. This sounds a modest vote

of confidence for the districts that are providing the technology.
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Table 13. Teacher Perceptions of Ease of |mplementing Technology

Strongly Moderatel Slightly  Slightly Moderate Strongl
Disagree y Disagree Disagree Agree ly Agree  y Agree

a)The computer resources

in my room are adequate

for my instructional needs

(e.g., lesson and unit 10.60 8.70 8.00 12.80 29.40 30.60
planning, accessing

materials such as

pictures) (n= 415, mean=

4.33)

b)The computer resources

in my room are adequate

for student uses (e.g., 22.80 17.40 13.00 15.20 20.10 11.50
student research, writing,

artwork) (n= 408, mean=

3.27)

c)It iseasy to implement

new softwarein this 15.10 13.10 14.60 25.10 22.40 9.70
school (n=411, mean=

3.56)

d)It is easy to implement

new hardware in this 16.80 12.90 16.80 24.00 22.00 7.40
school (n= 404, mean=

3.44)

Perception of District Support

The level of district support also influences technology uses, according to the
literature(Zhao et al., in press). Tables 14 shows how teachers perceive district support in the
area of hardware and Table 15 depicts their perceptions of district support in terms of software. It
IS encouraging to see that the majority of teachers feel positive about their district’ s involvement
in both hardware and software. One area that teachers feel ambivalent isinvolving teachersin the

decision making process in choosing software.
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Table 14. District Support: Hardware

Poor Fair Neutra Good Excedlle
| nt

a)Providing enough hardware (n= 426, 5.40 15.70 14.60 38.30 26.10
mean= 3.64)

b)Choosing appropriate hardware (n= 4.20 8.00 1580 47.30 24.70
425, mean= 3.80)

c)Providing areliable server (n= 425, 4.70 11.50 20.90 44.50 18.40
mean= 3.60)

d)Updating hardware (n= 423, mean= 4.30 13.90 1890  40.20 22.70
3.63)

e)Providing technical support for 8.90 13.30 15.70  40.70 21.30

hardware use (n= 427, mean= 3.52)

Table 15. District Support: Software

Poor Fair Neutral Good Excelent
fn‘);r?;’ig_ig% enough software (n= 426, 960 1670 1690 4060 1620
g)zgf‘gggg i‘,‘,fg)c’p” aesoftware ("= 599 1350 2100 4230 17.30
g);)g;;dating software (n= 421, mean= 8.10 14.50 22.30 40.10 15.00

d)Engaging teachersin decisions about 21.00 17.70 31.60 23.10 6.60
software purchases (n= 424, mean= 2.77)

e)Providing professional development for  14.10 21.20 17.40 30.80 16.50
software use (n= 425, mean= 3.14)

f)Providing technical support for software 12.40 16.40 17.80 3910 14.30
use (n= 427, mean= 3.26)

g)Recognition for technological 9.30 13.90 26.80 31.60 18.40
innovation (n= 418, mean= 3.36)
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Social Dynamics of Technology Uses

As mentioned earlier in this article, technology use is affected by and affects the school
socia climate. So the study attempted to assess how technology may affect a teacher socially.
Table 16 describes teachers perceptions of the social climate related to technology usesin their

schools. The pattern is that in most cases, teachers feel the pressure to use technol ogy.

Table 16. Social Dynamics of Technology Use

Strongly Moder ately Slightly Slightly  Moder ately Strongly
Disagree Disagree Disagree Agree Agree Agree

a)Using computers helps a
teacher advance hisher
position in this school (n=
421, mean= 3.43)

17.30 11.60 14.70 29.90 19.70 6.70

b)Othersin this school are

critical of teachers’ usesof  44.50 23.00 17.80 10.50 2.80 1.40
computers (n= 427, mean=

2.08)

)l need to use computers
to keep up in this school
(n=429, mean= 4.13)

7.90 7.90 12.80 24.50 28.00 18.90

d)Othersin this school
expect me to use computers
(n= 429, mean= 4.58)

4.90 5.40 6.10 23.50 31.20 28.90

€)My colleagues use
computers more than | do
(n= 428, mean= 3.49)

14.00 14.30 21.70 20.80 17.10 12.10

f)We introduce many new
thingsin this school (n=
427, mean= 4.76)

.70 2.10 8.40 24.40 37.90 26.50

g)ltisdifficult to

implement all of the new 2.80 11.10 13.00 29.50 24.80 18.90
things in this school (n=

424, mean= 4.19)
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What Factors Influence Technology Uses: Building a Model

This section presents two models that explored the relationships among the various
factors and identified factors that significantly affect technology uses. Model onetriesto locate
the factors that affect teacher’ s technology uses while the Model two attempts to describe factors
that influence the uses of technology by students.

In each case we have tried to organize the factors according to an overall theoretical
model. That model contains: the structural context of the teacher (e.g., grade level, subject,
district membership), characteristics of the teacher (e.g., orientation to teaching), relationship of
teacher to technology (technical capacity/expertise, perceived value of computers), socia context
(perceived pressure to use computers, capacity to get help to use computers), and opportunities to
learn about computers (experimentation, district in-service, etc). These factors can be affected
by the multiple levels of schools. Emerging from the most remote regions, societal institutions
not formally affiliated with any government level can affect teacher’ s beliefs about the value of
technology. States and the federal government can support hardware and provide small amounts
of training. Districts also can support hardware and software and are more likely responsible for
training and opportunitiesto learn. Finally, teachers interact with one another, can help one
another or exert social pressure on one another within he school. Factors from each level
coalesce to influence teacher attitudes and competencies and the adequacy of resources that then

affect use.
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Table 17. Model of Factors Influencing Student Use of Computers

1 Received
WRKCHELP help from colleagues
WRKNCHEL help from non- colleagues in District
and school
loring Technology Uses
Q22A explore new technologies on my own
Q22B attend district or school in-service programs
for new technology
Q22C experiment with district-supported software
Q22D seek help from others
Q22E attend professional development conferences
about new technology
Q22F read prof journals about new tech
Q22G consult technology manuals
seived Pressure to Use Computers
PRESCOMP pressure to use computers
(g26¢,926d)
efs About Value of Computers
HELPME perceived value of computers for teacher
(920)
HELPSTU perceived value of computers for students
(921)
nical Capacity/Expertise
| SOLVE teacher solves technical problems on own
(95,011)
OUTHELP amount of help provided to others
wation Competition
Q26F We introduce many new thingsin this school
cher=sorientation
COMPLEM computers complement teaching style
(q19 c-e+g+i )
ctural Location
District D
District B
District A
Q27EN1 teach English
GRADE grade teacher teaches
MULTGRAD teaches multiple grades
MISSGRAD missing on grade variables
1stant)

Technology Usesin Schools

Standardized  Sig

Coefficients
.100
.042
.054
.068
192
.076
.013

.075
-.026

.047

104

-.030

.040
.025
-.116

A17

192
.095
197
248
192
-.041
.019

22

.011
.325

.254
130
.000
.085
770

.108
.578

.259

.075

.575

313

.537

.005

.026

.004
137
.000
.000
.002
494
711
.875

.0079
.0017

.0502
1122
1734
.0843
.0188

.0819
-.0263

.0305

.0976

-.0334

.0329

.0070

-.0940

.1058

.3268
.1838
4786
4519
.0739
-.0804
.0600
.0445

Std.
Error

.003
.002

.044
.074

.045
.049
.064

.051
.047

.027

.055

.060

.033

.011

.033

.047

112
123
128
.091
.024
A17
162
.282

2.557
.986

1.142
1.516
3.881
1.725
292

1.610
-.557

1132

1.786

-.562

1.010

.619

-2.820

2.242

2.908
1.491
3.745
4.988
3.138
-.684
370

158

R2

.508

499

431

427

418

403

401

.307
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This model suggests that the following factors are significantly related to the level of

technology uses by students.

Exploration and Getting Help

Our findings offer a critique of standard professional development practices. Of the
technology exploration/exposure activities, attending district or school in-service programs and
attending professional development conferences have the weakest associations with student use
of computers (.068 and .013 respectively). Our findings also moderately support the standard
diffusion literature that emphasizes changing the beliefs of potential innovators. Teacher beliefs
about the value of computers are associated with a standardized coefficient of .1 while teachers
beliefs about the capacity of computers to help students essentially have a zero coefficient.

Our results suggest that teachers adoption of computersis afunction of individualized
opportunities for experimentation and support. Of the exploration activities, time spent
experimenting with district-supported software is by far the most important (standardized
coefficient of .192). After this, reading journals, seeking help from others and independently
exploring new technol ogies have moderate to low associations with student use of computers.
But we note that more important than seeking help is the help received, and the relationship
between supplier and receiver of help. In particular, receiving help from district and school
colleagues has a coefficient of .1, essentially equivalent to the impact of beliefs of ateacher
regarding value of computers. Help from a colleague is more than twice as important as help
from a non-colleague (coefficient of .042). Presumably thisis because the colleague understands

the teacher’ s context and can provide customized, and thus trusted, support and feedback.

Teacher’s Orientation

One of the strongest associations in our model is for the extent to which the teacher

reported that computers complemented her style (standardized coefficient of .117). This
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suggests that teachers are thoughtful professionals, implementing technology whenit is

consistent with their practice that has been honed for their specific context.

Innovation Competition

One surprising finding was that teachers who reported that their school tried to introduce
many new things were much less likely to report their students using computers (standardized
coefficient of -.116). This challenges the notion of teachers generally being innovators or not.

Instead, innovations may compete with one another.

Teacher’s Structural Location

The baseline teacher context is defined by the subjects and grades the teacher teaches and
the district in which the teacher teaches. Those who teach higher grades and who report teaching
English are more likely to report student use of computers. Furthermore, about 15% of the
variation in student use of computers can be attributed to districts (District effects are: District C
< District B < District D < District A). Thisisvirtually all of the variation among schools. That
is, all of the schools within a district are statistically identical in student computer use. Of

course, the bulk of the variation is within school.

Unimportant factors

We explored a number of other factors (see survey instrument for possibilities) for their
associations with student computer use. Many were discarded because they were neither of
theoretical interest nor had a statistical impact on the student use of computers. We left afew
factors in the model to establish that they were not associated with student use of computers,
once controlling for other characteristics. These were teacher’ s perceived use of the value of

computers for students, the pressure teachers perceive to use computers, and expertise of teacher
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(as measured by number of others the teacher helps and a teacher’ s capacity to solve technical
problems).

In particular we felt we needed to control for technical capacity before interpreting the
association between help received and use because there are some teachers who are high users
but receive little help because they themselves are experts. Indeed, the coefficients for help
received increased once controlling for expertise of the teacher. In the next model we use the

same theoretical framework to explore factors associated with teachers' uses of technology.

Factors Affecting Technology Uses by Teachers

Table 18. Model of Teacher Use of Computers

Standardized Sig B Std.
Coefficients Error
Perceived Pressure to Use Computers
PRESCOMP pressure to use computers .091 .034 .0684 .032
(g26¢,926d)
Exploring Technology Uses
Q22A explore new technologies on my own 149 .003 1586 .053
Q22B attend district or school in-service programs .036 451 .0677 .090
for new tech
Q22C experiment with district-supported software .094 .072 .0975 .054
Q22D seek help from others .049 .289 .0627 .059
Q22E attend professional development -.006 .894 -.0104 .077
converences about new tech
Q22F read prof journals about new tech -.028 .561 -.0357 .061
Q22G consult technology manuals .059 .225 .0693 .057
Help received
WRKHELP district and school help, accnt for -.014 .756 -.0006 .002
source
Beliefs About Value of Computers
HELPME computers can help me as a teacher 136 .028 1473 .067
(q20)
HELPSTU computers can help students (g21) -.068 .225 -.0878 .072
Technical Capacity/Expertise
ISOLVE solvestechnical problems on own .034 427 .0319 .040
(05,0911)
OUTHELP amount of help provided to others .030 484 .0096 .014
Teacher=s Orientation
COMPLEM computers complement my teaching 162 .003 1694 .057
style (q19 c-et+g+i )
Sructural Location
Q31 Yearsinteaching? -.165 .000 -.0164 .004
ROCKFORD 165 .018 3241 .136
GRANDL .081 214 1805 .145
BULLOCK -.016 773 -.0446 .155
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2131
2.965
754

1.807
1.062
-.134

-.581
1.217

-311

2.205

-1.214

795

.700

2.969

-3.982

2.386

1.244
-.288
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Q27SC1 Do you teach science -.099 124 -1965 .128  -1.540
Q27S01 Do you teach socia studies .165 .009 3275 125 2614
Q27EN1 Do you teach english .048 494 1006 .147 .685
Q27MATH Do you teach math .057 428 1215 153 794
GRADE grade teacher teaches 103 A17 .0459 .029 1.570
MULTGRAD teaches multiple grades -.002 .979 -.0044 166  -.027
MISSGRAD missing on grade vars 127 .030 4666 214 2184
(Constant) .046 .6885 .344  2.002

The following factors are found to be significantly associated with teacher use of technologies:

Exploration, Changing Beliefs and Responding to Pressure,

Aswas true for student uses, our findings offer a critique of standard professional
development practices. Of the technology exploration/exposure activities, attending district or
school in-service programs and attending professional development conferences have the
weakest associations with student use of computers (.036 and -.006 respectively). We find
ample support for the standard diffusion literature that focuses on the beliefs of potential
innovators. Teacher beliefs about the value of computers are associated with a standardized
coefficient of .136 while teacher’ s beliefs about the capacity of computersto help students
essentially has a zero coefficient.

Our results suggest that teachers’ adoption of computersis very much a function of
individualized opportunities for experimentation and a response of the individual to the social
context. Of the exploration activities, exploring new technologies on one’s own and
experimenting with district supported software are by far the most important (standardized
coefficients of .149 and .094 respectively). Teachers also respond to the pressure of their
colleagues (standardized coefficient of .091). When teachers believe that colleagues expect them
to use computers and that they must use computers to keep up in the school they increase their
use of computers. But note the contrast with reported student uses that were responsive to help
but not to pressure. Thiscontrast draws form the the standard diffusion literature that typically
does not recognize the complexities of students as araw material and product. Therefore the

standard model applies better to teacher implementation not directly associated with students.
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Teacher’s Orientation

Aswas the case for reported student uses, one of the strongest associations in our model
isfor the extent to which the teacher reported that computers complemented her style

(standardized coefficient of .162).

Teacher’s Structural Location

The baseline teacher context is defined by the subjects and grades the teacher teaches, the
teacher’ s seniority, and the district in which the teacher teaches. Those who teach higher grades
and who are junior are more likely to report use of computers. The ordering of the subjectsis
Science < English < Math < Social Studies. It isinteresting to note that while the students of
English teachers use computers the most, the teachers themselves use computers relatively little.
Furthermore, about 10% of the variation in student use of computers can be attributed to districts
(District effects are: District A < District C < District B < District D). Thisisvirtually al of the
variation among schools. That is, all of the schools within adistrict are statistically identical in
student computer use. The bulk of the variation iswithin school. Note that District A had the
highest student teacher uses and the lowest teacher uses, suggesting that teacher and student uses

are influenced by independent district factors.

Summary of Key Findings

To summarize, the study found the following:

1. Theleve of technology uses in these sampled schools is higher than or comparable to
the national average in terms of frequency of uses. Nearly 70% of teachers reported
using lab computers on aweekly or daily basis, while nearly 90% use computersin
their classrooms weekly or daily. Nearly 90% of teachers reported using emails

weekly or daily while over 70% use the web weekly or daily.
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. However when the types of uses are considered, the situation is less encouraging. In
most cases, the frequent uses are limited to teacher functions instead of student
activities. For example, while over 50% of teachers reported that they use computers
weekly or daily to communicate with parents and prepare for instruction, 73% of
teachers reported that computers were never used for student to student
communication. Nearly half of the teachers reported they never used computers for
student inquiry activities. The most frequent student uses of computers are for

devel oping basic computer skills.

. Therewas significant change and anticipated change in the uses of technology. A
majority of the teachers reported that their uses of computers increased significantly
and plan to increase even more in the future.

. Teachers technology using experiences both in the lab and classroom have been
positive. The majority (over 75%) reported that they experienced some technical
problemsin less than 25% of the times they used computers. And over 60% of the
teachers said that these problems were addressed in an acceptable time frame.

. In general, teachers were positive about computers and did not feel intimidated by
computers. About 85% of the teachers felt that they could learn new computer
applications quickly and over 50% thought computers are flexible and can be used to
support their teaching style. Around 70% of teachers felt that computers can help
them integrate different aspects of the curriculum, teach innovatively, direct student
learning, model an idea or activity, connect the curriculum to real world tasks, and be
more productive. Similarly, they believed that computers are valuable in helping
students develop new ways of thinking, think critically, gather and organize
information, explore a topic more deeply, be more creative, and be more productive.

. School organized professiona development opportunities were not frequent. About
5% of teachers reported never attending and 70% reported attending only once a year

district or school organized inservice programs for learning new technologies.
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However, many more teachers reported that they engaged in self-exploration with
new technologies or district provided software monthly or weekly. Itisalso a
common phenomenon for teachers to seek help from their colleagues.
While nearly 60% of teachersfelt that the computer resources in their rooms were
adequate for their instructional needs, only around 30% of teachers felt the resources
are adequate for student uses. Similarly only one third of teachersfelt it was easy to
implement software or new hardware in their schools.
About 60% of teachers felt that they had access to sufficient and reliable hardware. A
similar portion of teachers felt the same way about software. What' s worth
mentioning is that only asmall fraction of teachersfelt that schools and districts
adequately involved teachers in decisions about software selection.
Many teachersfelt the pressure to use computers. Nearly 60% of teachers reported
that others expect them to use technology.
There is support for factors emerging from each level of our model. Usage varies by
district that captures many of the effects of the adequacy of resources. Teachers
teaching styles and attitudes towards computers influence use, and these attitudes can
be influences by social institutions far outside the district borderline. But we wish to
emphasize that many of the components that affect technology inhere informal spaces
of the school. In particular, theinformal help and information teachers provide to
each other have important associations with computer use that are comparable to the
those of more commonly accepted factors. Theinformal social pressure that teachers
exert on one another can also have amoderate effect on use. Finally, the play and
experimentation that teachers engage in during cracksin the school day and outside
of the school context are critical to technology implementation.

Ultimately, the informal, social organization of the school filters many of
the effects on technology use. Teachers transmit and societal institutions through

informal interactions as they make sense of external opinions and information and as
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they exert pressure on one another to conform to internal norms. These interactions
also shape beliefs about technology in particular, and teaching stylesin general. The
time that schools provide for unstructured experimentation and play give teachers an
opportunity to consider, evaluate and attempt new applications to which they have
been exposed outside the school.

The patterns of these informal processes vary within schools because teachers
obtain help and are open to influences from different sources within schools. For
example, in our findings, teachers were more strongly influenced by help from
colleagues. Thus teachers who have different colleagues will have help resources
likely resulting in different technology use. Furthermore to the extent that teachers
are influenced by peers regarding teaching orientation and perceptions of computers.
In other words, different peers will translate into different uses. Therefore the
distribution of technology implementation is very much afunction of the distribution

of social processes within the school.

Implications

In drawing policy implications we note two important caveats. First, our sampleis
moderately more advantaged than the average elementary school in Michigan. Furthermore, our
sampled schools come from only four districts, and, as we found that districts are the sources of
variation among schools, we have a very small sample of akey source of variation. Second, we
analyzed cross-sectional data. Thus we know many factors that are correlated with computer
use, but any causal inferences are weak, and therefore policy implications should be cautious.
That said, we endeavor to draw some preliminary policy implications.

Districts can influence 10-15% of computer use through the decisions they make to hire
technology directors, provide resources, and establish a general vision for technology use, and
this has non-negligible effects one computer usage. Thus districts should undertake these

decisions carefully.
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But most of the variation in implementation of computersis within schools. Thuswe
must focus on the teacher level factors that affect usage. The factors that are associated with
computer usage map to four basic mechanisms for change: recruitment/sel ection,
training/socialization, providing opportunities to explore and learn, and |leveraging through the
social context. First, teacher characteristics such as years teaching and the extent to which
computers complement the teaching style are important predictors of computer usage. But the
most likely mechanism for affecting changesin this category is through attrition and
recruitment/selection. The clear policy implication isto consider how adaptable a teacher will be
to planned technologies in hiring new teachers.

Second, change agents can provide training opportunities such as through in-service and
professional development conferences. But our evidence suggests that these activities may have
little effect on usage in the classroom for the common teacher. Most likely they operate through
socializing teachersinto different beliefs regarding the value of technology.

Third, change agents can provide various opportunities to explore and learn about new
technologies. These have surprisingly strong effects on both teacher and student use of
computers. This suggests that districts could do well simply to allow teachers release time to
engage technology and consider its applications in within their specific contexts.

Fourth, change agents can leverage change through the social context. By giving
teachers opportunities to help one another and to interact, schools may be able to increase the
overal level of technology use. But leveraging through the social context is a double-edged
sword. As help is most important when coming from a colleague, those with few colleagues may
not be able to access the type of help they need to implement computers. Also, socia pressure
can be as strong aforce working against technology asin favor of technology. This suggests that
change agents should be very aware of the social structures and the school cultures in which they
operate, and should deliberately address shortcomings and pitfalls. This recommendation is also

consistent with the finding that teachers implement computers less when they are asked to
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implement many other new things. Thus change agents should be aware of the stress on the
social context and culture before attempting to implement further innovations.

Our findings suggest several programmeatic possibilities. First, instead of spending time
on in-service programs and conferences, districts could spend their resources giving teachers
opportunities to explore computer applications. Encouragingly, teachers are already engaging in
these types of behaviors relatively frequently, but it is uncertain how much of this activity is
supported by districts. Second, teachers should be given time to help one another. Thus
individualized release time for exploration may not be as helpful as group oriented activities such
as atechnology play-day including district support but with ample opportunity for teachersto
help one another. But these interactions should be guided and focused on increasing levels of
technology use. Third, schools that try to adopt multiple innovations simultaneously may find
that none are fully implemented. Thus schools should limit the number of innovations they try to
implement and devote ample resources on those they do choose.

These proposals can be summarized as:

1. Consider teaching style as it complements computer usage when hiring teachers.

2. Give teachers opportunities to experiment with software and demonstrated

applications;

3. Consider providing opportunities for teachers to interact instead of standard

professional development;

4. Focus on asmall number of innovations at any given time.
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